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[57] ABSTRACT 

Transmitting and receiving circuit for an apparatus for 
the automatic identification of objects and/or living 
organisms, including a stationary interrogator and a 
transponder fastened to the object or living organism to 
be identified, the interrogator including an energy trans* 
mitter, a signal transmitter, a first directional coupler 
connected to the energy and signal transmitters for 
receiving outgoing waves from the transmitters and for 
decoupling a first energy component from the outgoing 
waves, a first transmitting and receiving antenna, a 
second directional coupler being connected in series 
with the first directional coupler and being connected 
to the first transmitting and receiving antenna for re- 
ceiving returning waves from the transponder and for 
decoupling a second energy component from the re- 
turning waves, an adjustable attenuator connected to 
the first directional decoupler for receiving the first 
energy component, an adjustable phase shifter con- 
nected to the adjustable attenuator for receiving the 
Hrst energy component, a third directional coupler hav- 
ing a first input connected to the adjustable phase shifter 
for receiving the first energy component, a second input 
connected to the second directional coupler for directly 
receiving the second energy component, and an output, 
the attenuator and the phase shifter being adjusted for 
providing a signal at the output of the third directional 
coupler with a minimum, and an evaluation unit con- 
nected to the output of the third directional coupler, 
and the transponder including an energy receiver, an 
energy converter connected to the energy receiver, a 
signal receiver, a signal demodulator connected to the 
signal receiver, a data processing unit connected to the 
signal demodulator, a reply transmitter connected to 
the data processing unit, and a second transmitting and 
receiving antenna connected to the energy receiver, 
signal receiver and reply transmitter. 

8 Claims, 2 Drawing Figures 
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1 2 

means of two directional couplers is described. A com- 
TRANSMirriNG AND RECEIVING CIRCUIT FOR ponent of the wave travelling from the measuring trans- 
AN AP PARATUS FOR THE AUTOMATIC mitter to the measuring object is decoupled by a first 

IDENTIFICATION OF OBJECTS AND/OR LIVING directional coupler and fed through an adjustable atten- 
ORGANISMS 5 uator and an adjustable phase shifter to one input of a T 

junction. The wave reflected by the measuring object is 

The invention relates to a transmitting and receiving fed through a second directional coupler to the second 
circuit for a device for the automatic identification of input of the T junction. By simultaneous adjustment of 
objects and/or living organisms, having a stationary the attenuator and the phase shifter, a condition can be 
interrogator and a transponder fastened to the object or 10 achieved in which the two waves have the same ampti- 
the living organism, in which the interrogator contains tude and a 180* phase shift at the T junction. Then, a 
an emergy transmitter, a signal transmitter, an evalua- null reading is obtained at the diode at the output of the 
tion unit and a transmitting/receiving antenna, and the T junction, and the magnitude of the reflection coeffici- 
transponder contains an energry receiver with an en- ent can be read at the attenuator, provided that the two 
ergy converter, a signal receiver with a signal demodu- 13 directional couplers have the same attenuation. For 
lator, a data processing unit, a reply transmitter and a measuring the phase of the reflection coefficient, a ref- 
transmitting/receiving antenna. erence phase must be adjusted by a short-circuit test. 

Such apparatus for the automatic identification of The phase of the measuring object is then obtained from 
objects and/or living organisms is known from German the difference of the two settings of the phase shifter. 
Published, Non-Prosecuted Application DE-OS No. 29 20 It is accordingly an object of the invention to provide 
19 753. Besides the high-frequency transmitting and a transmitting and receiving circuit for an apparatus for 
receiving units, the prior art interrogator contains an the automatic identification of objects and/or living 
opening code memory and, optionally, a supplementary organisms, which overcomes the hereinafore-men- 
opening code memory which store an opening code tioned disadvantages of the heretofore-known devices 
that serves for activating a transponder or a group of 25 of this general type, and which makes it possible to filter 
transponders which are specifically programmed for the reply frequency and the information transmitted 
this opening code. For this purpose, the transponder thereby from the signal mixture present at the antenna 
contains a signal receiver followed by an opening code of the interrogator, using only one antenna for transmit- 
comparator which compares the code stored in the ting and receiving the energy frequency, the signal 
opening code memory and, optionally, the supplemen- 30 frequency and the reply frequency, 
tary opening code memory with the code received over With the foregoing and other objects in view there is 
the radio path. The output signal of the opening code ( provided, in accordance with the invention, a transmit- 
comparator controls the reply transmitter through \ ting and receiving circuit for an apparatus for the auto- 
opening code processor. In addition, the interrogator I matic identification of objects and/or living organisms, 
and the transponder may have further data-processing 35 including a stationary interrogator and a transponder 
units, corresponding to the desired application. fastened to the object or living organism to be identi- 

From German Published, Non-Prosecuted Applica- fled, the interrogator including an energy transmitter, a 
tion DE-OS No. 25 24 571, a homodyne transmission signal transmitter, a first directional coupler connected 
system for radio location is known. A system referred to to the energy and signal transmitters for receiving out- 
as a homodyne system is a system in which a sample of 40 going waves from the transmitters and for decoupling a 
the transmitted signal is used as the local oscillator first energy component from the outgoing waves, a first 
signal. The high-frequency signal is emitted by an inter- transmitting and receiving antenna, a second directional 
rogator unit and intercepted by a compatible acknowl- coupler being connected in series with the first direc- 
edgement unit. The acknowledgement unit furnishes a tional coupler and being connected to the first transmit- 
signal which is reflected or sent back to the interrogator 45 ting and receiving antenna for receiving returning 
unit. A sample of the emitted signal is fed, together with waves from the transponder and for decoupling a see- 
the reply signal, to a suitable phase detector or a mixing ond energy component from the returning waves, an 
stage. Hie amplitude or the mixing stage output signal is adjustable attenuator connected to the first directional 
equal to the product obtained from the amplitude of the decoupler for receiving the first energy component, an 
sample of the emitted signal and the amplitude of the 50 adjustable phase shifter connected to the adjustable 
reply signal, as well as the cosine of the relative phase attenuator for receiving the first energy component, a 
angle. Since the interrogation and the reply signal are third directional coupler having a first input connected 
furnished by the same source, the relative phase of these to the adjustable phase shifter for receiving the first 
signals, or the phase difference between the signals, is a energy component, a second input connected to the 
function of the distance between the interrogation and 55 second directional coupler for directly receiving the 
the acknowledgement units. If the sample of the interro- second energy component, and an output, the attenua- 
gation signal and the reply signal are phase-shifted 90*, tor and the phase shifter being adjusted for providing a 
however, the output signal of the mixing stage has a signal at the output of the third directional coupler with 
zero amplitude. Eliminating such amplitude zeroes and a minimum, and an evaluation unit connected to the 
the possible errors resulting therefrom in the processing 60 output of the third directional coupler, and the tran- 
and recovery of the information over the distance be- sponder including an energy receiver, an energy con- 
tween the interrogation unit and the acknowledgement verter connected to the energy receiver, a signal re- 
unit, is the object of this invention. ceiver, a signal demodulator connected to the signal 

In the book by H. Groll:"MikroweIlen Messtechnik" receiver, a data processing unit connected to the signal 
(Microwave Measurement Technology), Friedrich Vie- 65 demodulator, a reply transmitter connected to the data 
big & Sohn publishers, Brunswick 1969, on page 217 processing unit, and a second transmitting and receiving 
and in FIG. 6.70. a microwave measuring device for antenna connected to the energy receiver, signal re- 
determining the impedance of the measuring object by ceiver and reply transmitter. 
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The invention makes use of the fact, which is known 
per se, that two waves stemming from the same source 
can be cancelled by shifting the phase, attenuating the 
amplitude and superposition. The special feature of the 
present invention is, however, that the energy fre- 5 
quency and the signal frequency do not agree; that the 
impedance of the space covered by the radiation field of 
the antenna of the interrogator is not definable; and that 
contrary to the above-described microwave impedance 
measuring method, it is not possible to calibrate the 10 
phase shifter and the attenuator by a short circuit test. A 
further difficulty is that the energy frequency is emitted, 
for instance, with a power of several watts since it must 
ensure the voltage supply of the transponder; that due 
to government regulations, the signal frequency cannot IS 
be radiated with more than 0.5 W and that the reply 
frequency is received in the power range of nanowatts. 
In spite, of these unfavorable assumptions, it is possible, 
with the transmitting and receiving circuit according to 
the invention, to filter the information radiated by the 20 
reply transmitter of the transponder from the signal 
mixture at the transmitting/receiving antenna of the 
interrogator. 

In accordance with another feature of the invention, 
there is a first control device connected to the attenua- 25 
tor and a second control device connected to the phase 
shifter, the control devices continuously compensating 
changes in amplitude and phase between the outgoing 
and returning waves. This prevents the changes of the 
reflection conditions of the space covered by the an- 30 
tenna of the interrogator, which always occur in the 
practical application of the device for the automatic 
identification of objects and/or living organisms, from 
leading to a change of the compensation point such that 
the signal stemming from the reply signal transmitter 35 
could no longer be detected. In the known applications 
for measuring the impedance, such problems cannot 
arise since there, the microwaves do not leave the mea- 
suring circuit. 

In accordance with a further feature of the invention 40 
the energy transmitter transmits an unmodulated signal 
with relatively high power at an energy frequency, and 
the signal transmitter transmits a signal modulated with 
an information signal with considerably lower power (a 
power ratio of approximately 100:1) at a signal fre- 45 
quency adjacent the energy frequency. In this way, on 
one hand it is possible to irradiate the transponder by 
radio with the necessary high-frequency power which 
is required for generating a sufficient d-c supply volt* 
age, while on the other hand complying with the gov- 50 
emment regulations which allow the emission of modu- 
lated high-frequency energy in installations of the type 
to which the invention relates, with only a maximum 
power of 0.5 W. 

In accordance with a concomitant feature of the in- 53 
vention the reply transmitter radiates a reply signal with 
the energy frequency. In this manner, it is possible to 
use part of the energy signal received by the transpon- 
der as a carrier for the transponder, and to avoid the use 
of a separate local transmitter in the transponder which 60 
draws a great deal of power. 

Other features which are considered as characteristic 
for the invention are set forth in the appended claims. 

Although the invention is illustrateid and described 
herein as embodied in a transmitting and receiving cir- 65 
cuit for an apparatus for the automatic identification of 
objects and/or living organisms, it is nevertheless not 
intended to be limited to the details shown, since vari- 
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4. . 

ous modifications and structural changes may be made 
therein without departing from the spirit of the inven- 
tion and within the scope and range of equivalents of 
the claims. 

The construction and method of operation of the 
invention, however, together with additional objects 
and advantages thereof will be best understood from the 
following description of specific embodiments when 
read in connection with the accompanying drawings, in 
which: 

FIG. 1 is a schematic block circuit diagram of an 
interrogator on the high frequency side; and 

FIG. 2 is a block circuit diagram of a transponder. 

Referring now to the figures of the drawing and first 
particularly to FIG. 1 thereof, there is seen an interro- 
gator 1 with an energy transmitter ES which furnishes 
a high or very high-frequency wave with an energy 
frequency ff that passes through a transmitter amplifier 
VS to a first input of a coupler KG. There is further 
seen a signal transmitter SS which furnishes a high or 
very high-frequency wave with a signal frequency f^ to 
a second input of the coupler KG. The signal frequency 
wave is modulated with an information frequency f/ 
which is provided by an information transmitter IS. The 
construction and operation of the information transmit- 
ter IS can be seen from German Published, Non- 
Prosecuted Application DE-OS No. 29 19 753 already 
mentioned hereinafore. 

The sum of the energy wave and the signal wave 
travels from the output of the coupler KG as an outgo- 
ing wave, though a first directional coupler RKl and a 
second directional coupler RK2, to a transmitting and 
receiving Antenna Al, through which it is radiated. 

The high or very high-frequency energy received by 
the transmitting and receiving antenna Al travels as a 
returning wave to the second directional coupler RK2, 
is decoupled at that location, and Hows directly to a first 
input of a third directional coupler RK3. 

Part of the outgoing wave decoupled from the first 
directional coupler RKl is fed to a second input of the 
third directional coupler RK3. The wave trains are 
superimposed in the third directional coupler RK3 and 
the result of this superposition is fed to an evaluation 
receiver AE. 

In order to permit the best cancellation or compensa- 
tion in the third directional coupler RK3, that part of 
the outgoing wave which is decoupled at the first direc- 
tional coupler RKl and contains the energy frequency 
f^as well as the signal frequency fs, is brought through 
an adjustable attenuator DG and an adjustable phase 
shifter PS. The attenuator DG is controlled by an atten- 
uation control RD in such a way that the amplitudes of 
the signals present at the two inputs of the control are 
equal. The phase shifter PS is controlled in such a way 
that the phases of the signals present at the two inputs of 
a control RP are phase-shifted 180". Besides the energy 
frequency ff, the returning wave also contains a reply 
frequency Ta of a reply transmitter AS from a responder 
2, to be discussed below. In this manner, it is possible to 
filter the components of the energy frequency f^and the 
signal frequency k in the returning wave by cancella- 
tion or compensation in such a way that only the com- 
ponents with the reply frequency f/t are still fed to the 
input of the evaluation receiver AE. 

In FIG. 2 it is seen that the transponder 2, which may 
be connected to a non-illustrated object and/or living 
organism to be identified, contain a transmitting and 
receiving antenna A2, to which an energy receiver EE 
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is connected. The energy receiver EE filters out the ing a first input connected to said adjustable phase 

energy frequency feand feeds it to an energy converter shifter for receiving said first energy component, a sec- 

EW which generates the d-c supply voltage for the ond input connected to said second directional coupler 

transponder 2 from the energy frequence. Further con- for directly receiving said second energy component, 

nected to the antenna A2 is a signal receiver SE which S and an output, said attenuator and said phase shifter 

filters out the signal frequency ts and feeds it through a being adjusted for providing a signal at said output of 

signal amplifier SV to a signal demodulator SD. In the said third directional coupler with a minimum, and an 

signal demodulator, information frequency f/ is recov- evaluation unit connected to said output of said third 

ered and is fed to a data processing device DV. The directional coupler, and said transponder including an 

construction and operation of the data processing unit 10 energy receiver, an energy converter connected to said 

can again be seen from the hereinafore-mentioned Ger- energy receiver, a signal receiver, a signal demodulator 

man Published. Non-Prosecuted Application DE-OS connected to said signal receiver, a data processing unit 

No. 29 19 753. connected to said signal demodulator, a reply transmit- 

The output signal of the data processing unit DV connected to said data processing unit, and a second 
modulates the reply signal transmitter AS which deliv- 15 transmitting and receiving antenna connected to said 
ers the reply frequency to the antenna A2. from energy receiver, signal receiver and reply transmitter, 
where it is reradiated to the interrogator 1. It is possible Circuit according to claim 1, including a first con- 
in this case, as already mentioned, for the reply fre- ^^^^ ^^^^^^ connected to said attenuator and a second 
quency f^ to be equal to the energy freqency f£. ^,^^^^^1 ^^^-^^ connected to said phase shifter, said 

The foregoing is a d^nptio^ 20 ^^^^j ^^^^^ continuously compensating changes in 

man Apphcation No. P 31 50 704.2^ dated Dec 21, 1981, aj^pUtude and phase between said outgoing and retum- 

the International pnonty of which is being claimed for jng waves 

the instant application, and which is hereby made part 3 ^^^^.^ according to claim 1. wherein said energy 

of this application. Any discrepancies bebveen the fore- transmits an umnodulated signal with rela- 

gomgspecificauonandtheaforementiont^conie^ frequency, and said 

ing Gennan apphcation are to be resolved m favor of ^.^ > transmitter transmits a signal modulated with an 

the latter. information signal with relatively lower power at a 

1. Tra^itting and receiving circuit for an apparatus signal frequency adjacent said energy frequency, 

for the automatic identification ofobjects and/or living 30 ^ 4. Circmt according to claim 2 wh^^^^^^ 

organisms, comprising a stationary interrogator and a transmitter transmits an unmodulated signal with rela- 

transponderfastLied to the object or living organism to "^^ly high power at an energy frequency, and said 

be identified, said interrogator including an energy signal transmitter transmits a signal modulated with an 

transmitter, a signal transmitter, a first directional cou- information signal with relatively lower power at a 

pier connected to said energy and signal transmitters for 35 signal frequency adjacent said energy frequency, 

receiving outgoing waves from said transmitters and for 5. Circuit according to claun 1. wherem said reply 

decoupling a first energy component from said outgo- transmitter radiates a reply signal with an energy fre- 

ing waves, a first transmitting and receiving antenna, a quency. , - ^ , - 

second directional coupler being connected in series 6. Circuit according to claim 2. wherem said reply 

with said first directional coupler and being connected 40 trasmitter radiates a reply signal with an energy fre- 

to said first transmitting and receiving antenna for re- quency. 

ceiving returning waves from said transponder and for 7. Circuit according to claim 3, wherein said reply 

decoupling a second energy component from said re- transmitter radiates a reply signal with the energy fre- 

tuming waves, an adjustable attenuator connected to quency. 

said first directional decoupler for receiving said first 45 8. Circuit according to claim 4, wherein said reply 

energy component, an adjustable phase shifter con- transmitter radiates a reply signal with the energy fre- 

nected to said adjustable attenuator for receiving said quency. 

first energy component, a third directional coupler hav- « • ♦ ♦ ♦ 
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